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Abstract
Introduction: Elderly patients with chronic kidney disease (CKD) stage 5 with or without dialysis
treatment usually have concomitant comorbidities, which often result in multiple pharmacological
therapies. This study aimed to identify factors associated with medication complexity and medica-
tion adherence, as well as the association between medication complexity and medication adher-
ence, in elderly patients with CKD.

Methods: This prospective study involved elderly patients with CKD stage 5 (estimated glomerular
filtration rate < 15 ml/min/1.73m2) recruited from three Norwegian hospitals. Most of the patients
were receiving either hemodialysis or peritoneal dialysis. We used the Medication Regimen Com-
plexity Index (MRCI) to assess the complexity of medication regimens, and the eight-item Morisky
Medication Adherence Scale (MMAS-8) to assess medication adherence. Factors associated with the
MRCI and MMAS-8 score were determined using either multivariable linear or ordinal logistic regres-
sion analysis.

Findings: In total, 157 patients aged 76 � 7.2 years (mean � SD) were included in the analysis.
Their overall MRCI score was 22.8 � 7.7. In multivariable linear regression analyses, female sex
(P = 0.044), Charlson Comorbidity Index of 4 or 5 (P = 0.029) and using several categories of phos-
phate binders (P < 0.001 to 0.04) were associated with the MRCI. Moderate or high adherence
(MMAS-8 score ≥ 6) was demonstrated by 83% of the patients. The multivariable logistic regression
analyses found no association of medication complexity, age or other variables with medication
adherence as assessed using the MMAS-8.

Discussion: Female sex, comorbidity and use of phosphate binders were associated with more-
complex medication regimens in this population. No association was found between medication
regimen complexity, phosphate binders or age and medication adherence. These findings are based
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on a homogeneous elderly group, and so future studies should test if they can be generalized to
patients of all ages with CKD.
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INTRODUCTION

Chronic kidney disease (CKD) is common in the elderly.1,2

Patients in the advanced stage of CKD have an estimated
glomerular filtration rate (eGFR) below 15 ml/min/1.73 m2

(CKD stage 5), and they are treated either conservatively or
with dialysis or kidney transplantation. Elderly patients
with CKD often have multiple comorbidities and may suf-
fer from reduced sleep quality, pain, cognitive impairment,
and frailty. This means that such patients often require
multiple pharmacological therapies, which represents a
challenge to both patients and physicians due to the com-
plexity of the medications, potential adverse side effects
and poor medication adherence.3–5

Variations in the dosages, frequencies, and administra-
tion instructions of medications contribute to the com-
plexity of a medication regimen. A standardized definition
of the complexity of medication regimen is lacking, but
recently a standardized and validated tool called the Medi-
cation Regimen Complexity Index (MRCI) has been
developed to quantify the complexity of any medication
regimen.6 There are several reports on the MRCI being
associated with rehospitalization, mortality, and medica-
tion adherence.7–11 However, few studies have applied
this scoring system to CKD patients, and one of them
reported an association between the MRCI and medica-
tion adherence.12,13

Medication adherence is defined as the extent to which
a patient’s medication-taking matches the prescribed
regimen.10 Nonadherence with medication is common
both in predialysis and dialysis patients, and it is associ-
ated with increased morbidity and mortality.10,14,15 The
reported prevalence of medication non-adherence has ran-
ged from 13% to 99% in hemodialysis (HD) patients and
from 4% to 85% in peritoneal dialysis (PD) patients.16–19

Medication adherences is commonly assessed using pill
counts, electronic monitoring devices, biochemical mea-
sures or self-reported questionnaires. Medication adher-
ence in patients with CKD is associated with age, sex,
education, quality of life, anxiety and depression, as well
as medication-related factors such as pill burden, use of
phosphate binders and lifelong treatment.3,18–20

Several previous studies have investigated medication
adherence in CKD patients across all age groups, but none
has focused on the elderly alone.16,18 Medication-related

factors such as pill burden, number of phosphate binders,
and medication complexity have been found to influence
medication non-adherence. However, only a few studies
have assessed the association between medication com-
plexity and medication adherence using standardized tools
for assessing medication complexity.8 To the best of our
knowledge, studies focusing on understanding medication
regimen complexity and its association with medication
adherence in elderly patients are lacking.

The aims of the present study were therefore to identify
the factors associated with medication complexity and
self-reported medication adherence in elderly patients with
CKD stage 5, as well as the association between medica-
tion complexity and medication adherence.

METHODS

Design and population

This was an investigator-initiated study involving three
Norwegian hospitals: Akershus University Hospital,
Oslo University Hospital, Ullevål and Vestre Viken Hos-
pital Trust Drammen Hospital. We included patients
aged ≥65 years in predialytic CKD stage 5 (eGFR
<15 ml/min/1.73 m2) and who were receiving HD or
PD. All patients receiving dialysis were asked to partici-
pate during a scheduled dialysis session, and predialytic
patients were recruited consecutively during their
scheduled ambulatory clinic visits. The inclusion period
was from June 2015 until January 2017. We excluded
patients with severe hearing loss or visual impairment, a
dementia diagnosis or Mini Mental State Examination-
Norwegian Revision (MMSE-NR) score < 23, or perceived
unsatisfactory knowledge of the Norwegian language.

Data collection and variables

After consenting to participate, the patients were invited
to a semi-structured interview that focused mainly on
patients’ current use of prescribed and over-the-counter
medications, administration of medications and side
effects. All interviews were conducted by one investigator
(K.P.). The interview consisted of closed questions
with additional open follow-up questions. During each
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interview, the investigator verified the patient’s medical
history, comorbidities, and current medications. The cog-
nitive function of each patient was evaluated by them
completing the MMSE-NR questionnaire during the
interview. The interviews were not recorded or tran-
scribed verbatim.

After completing the interview, each participant was
given an envelope with questionnaires to be answered at
home and returned to the investigator using postage-
prepaid envelopes. Non-respondents received one tele-
phone reminder.

We assessed comorbidities using the Charlson Comor-
bidity Index (CCI), which consists of 19 weighted comor-
bidities that are summed to give a total score. 21 The CCI
has previously been validated in dialysis patients. 22

Medication regimen complexity and pill
burden

We registered the number of medications defined as the
number of different medications each patient took at
home including over-the-counter medications and as-
needed medications.

The MRCI was used to assess medication complexity.
This tool has 65 items and was designed to quantify the
complexity of prescribed medication regimens.6 It consists
of three sections: A (dosage forms), B (dosing frequency)
and C (additional direction), with 32, 23, and 10 items,
respectively. We coded each medication item according to
the weighted scoring system and summed the aggregated
score to a total score for the medication complexity.6

There is no maximum score as the total score increases
continuously when adding dosage forms, dosing fre-
quency or additional directions. Studies using the MRCI
have found scores ranging from 8.5 to 28.3 in elderly
patients and patients with CKD.12,13,23,24 The daily total
pill burden was defined as the total number of all tablets
or capsules taken by the patients on a daily basis, includ-
ing as-needed and over-the-counter medications.

Medication adherence

Medication adherence was registered using a Norwegian
version of the self-reported eight-item Morisky Medica-
tion Adherence Scale (MMAS-8), which is a structured
questionnaire with documented reliability and validity in
various patient groups.25–28 This questionnaire has seven
items with “yes” or “no” answers and one item scored on
an ordinal scale from 0 to 4. Items 5 and 8 of the ques-
tionnaire were transformed in accordance with the scor-
ing algorithm, and all items were combined into a total

score, which graded adherence on a scale from 0 to
8. Adherence was interpreted as low (<6), moderate (6 to
<8) or high (=8).26

Ethical considerations

The Regional Committee for Research Ethics reviewed
and approved the study (REK no.2014/1255). The study
was conducted in accordance with the Helsinki declara-
tion. Both oral and written information about the study
was provided to the patients, and a signed informed-
consent form was required for enrolment in the study.

Statistical analysis

Descriptive data are reported as mean � SD, median
(range) or number (%) values, as appropriate. In further
analyses, the PD and HD patient groups were combined
into a single group (dialysis) due to the small number of
patients receiving PD. MMSE-NR scores were dichoto-
mized using a criterion for normal cognitive function of
≥28.29 The CCI values were divided into three categories:
2 or 3, 4 or 5, and > 5. Phosphate binders were divided
into five categories: none and the four quartiles of phos-
phate binders use (in grams per day).

We used multivariable linear regression analysis to iden-
tify factors associated with medication complexity, with
the MRCI as the dependent variable. Explanatory variables
were selected for this regression model based on the litera-
ture, perceived clinical relevance and the use of a directed
acyclic graph. Age, sex, MMSE-NR score, CCI, CKD treat-
ment and use of phosphate binders were included as inde-
pendent variables in the model. Due to overlapping
concepts and hence close associations between the total
pill count, the number of different medications and use of
phosphate binders, we chose to include only the use of
phosphate binders in the regression analyses.

We used multivariable ordinal logistic regression anal-
ysis to assess factors associated with medication adher-
ence, with ordinal categories of MMAS-8 scores as the
dependent variable: low (<6), moderate (6 to <8) and
high (=8). Independent variables were selected for the
model in a similar way to that described above. We
included age, education, CCI, use of phosphate binders,
CKD treatment, the MRCI, and medication administra-
tion support (yes vs. no) in the model. The proportional
odds assumption was tested using the Brant test, and
found to be satisfactory.30

The result from an ordinal logistic regression analysis
can be interpreted as the probability of being in groups
greater than k vs. being in groups less than or equal to k,
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where k is the level of the response variable. This proba-
bility is expressed as an odds ratio, and is constant across
all levels of the dependent variable. Therefore, in the pre-
sent analysis the proportional odds ratio represents the
odds of moderate/high adherence (MMAS-8 score ≥ 6)
vs. low adherence (MMAS-8 score < 6) and the odds of
high adherence (MMAS-8 score = 8) vs. moderate/low
adherence (MMAS-8 score < 8).

A 5% significance threshold was applied for two-tailed
tests. Stata version 14 (StataCorp, College Station, TX,
USA) was used for all statistical analyses.

RESULTS

Patient characteristics

We included 180 patients, of whom 157 (87%) com-
pleted all the questionnaires: 73 of these patients (47%)
received HD, 19 (12%) received PD and 65 (41%) were
predialytic. No patient had nocturnal hemodialysis. The
characteristics of the patients are presented in Table 1.

Medication complexity

The overall MRCI was 22.8 � 7.7, and approximated a
normal distribution (Figure 1). The MRCI score was
24.7 � 7.9 in HD patients, 23.3 � 6.4 in PD patients
and 20.5 � 7.3 in predialytic patients. In univariate lin-
ear regression analysis, the mean MRCI was higher in the
dialysis group (coefficient = 3.86, 95% confidence
interval = 1.47–6.25, P = 0.002) than in predialytic
patients. In multivariable linear regression analysis, only
female sex, CCI and use of phosphate binders were sig-
nificant determinants of the MRCI (Table 2).

Medication adherence

The median MMAS-8 score was 8.0 (range = 1.5–8.0),
and the score distribution was skewed with a long tail to
the left (Figure 2). Totals of 27 (17%), 44 (28%), and
86 (55%) patients exhibited low, moderate and high
adherence with medication, respectively, which means
that 130 (83%) of the participants had moderate/high
adherence (MMAS-8 score ≥ 6). The proportions of
patients with moderate/high adherence were 78%, 100%,
and 83% among the HD, PD, and predialytic patients,
respectively. In multivariable ordinal logistic regression
analysis, the odds of being adherent seemed to decrease
with a higher education level and with an increasing
number of comorbidities; however, none of the explana-
tory variables showed a statistically significant association

with medication adherence (Table 3). Furthermore, there
was no association between medication adherence and
dialysis vintage (data not shown).

DISCUSSION

This study found that female sex, comorbidities as
assessed with the CCI and the use of phosphate binders
were associated with a more-complex medication regi-
men, as indicated by a higher MRCI. In contrast, medica-
tion complexity and age were not associated with self-
reported medication adherence as assessed with the
MMAS-8.

Medication complexity

Overall, the present MRCIs are comparable with those
reported for patients with other chronic diseases such as
diabetes mellitus, heart failure and chronic obstructive
pulmonary disease.31–33 The MRCIs for the present HD
patients were lower than those in two previous studies
involving HD patients who were considerably younger,
having mean ages of 68 years and 54 years.11–13 Some
differences in MRCIs might be attributable to differences
in the interpretation of the “dialysate” item in section A
of the MRCI, since it is not clearly defined. Another pos-
sible explanation is that younger patients adhere less to
prescribed pharmacological treatments and therefore
accumulate more prescribed medications.14,17,34

The present study found that being female was associ-
ated with higher complexity of medication regimens after
adjustment for other variables, which supports previous
findings.24,35–37 This may be related to a sex difference
in the concern about one’s own health or in the present-
ing of symptoms, which might influence the prescribing
and diagnoses performed by physicians.38 Furthermore,
the association of comorbidities such as cardiovascular
disease with medication complexity found in the present
study is also in accordance with previous studies.31,35

The finding of an association between phosphate
binders and medication complexity is consistent with a
previous study.7 This association is especially notable
given that phosphate binders play an essential role in the
treatment of CKD and account for up to half of the pill
burden experienced by these patients. Phosphate binders
typically come with additional instructions such as a
requirement to take them with food, which adds to the
complexity associated with both pills and their instruc-
tions that is captured by the MRCI.

In the present study of elderly patients, medication
complexity was not associated with age or treatment
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Table 1 Characteristics of the study population according to adherence (n = 157)

Adherence

All (n = 157) Low (n = 27) Moderate (n = 44) High (n = 86)

Age, years 76 (7.2) 74 (5.2) 76 (8.1) 76 (7.2)
Female 42 (27) 6 (22) 15 (34) 21 (24)
Married, or living with partner 102 (65) 18 (67) 25 (57) 59 (69)
Education, ≥12 years 39 (25) 12 (44) 9 (20) 18 (21)
Body mass index, kg/m2 25 (3.9) 25 (2.8) 24 (3.9) 26 (4.1)
MMSE-NR scorea

23–27 39 (25) 5 (19) 14 (32) 20 (23)
28–30 118 (75) 22 (81) 30 (68) 66 (77)

Comorbidities
Hypertension 124 (79) 21 (78) 35 (80) 68 (79)
Coronary disease 61 (39) 14 (52) 16 (36) 31 (36)
Malignancy 53 (34) 8 (30) 16 (36) 29 (34)
Diabetes mellitus 42 (27) 8 (30) 12 (27) 22 (26)
Peripheral vascular disease 38 (24) 10 (38) 13 (30) 15 (17)
Cerebrovascular disease 15 (10) 3 (11) 4 (9) 8 (9)
Chronic obstructive pulmonary disease 12 (8) 1 (4) 4 (9) 7 (8)
Charlson Comorbidity Index

2 or 3 52 (33) 6 (22) 13 (30) 33 (38)
4 or 5 82 (52) 16 (59) 23 (52) 43 (50)
>5 23 (15) 5 (19) 8 (18) 10 (12)

Etiology of renal failure
Nephrosclerosis 72 (46) 12 (44) 19 (43) 41 (48)
Diabetic nephropathy 15 (10) 3 (11) 4 (9) 8 (9)
Glomerulonephritis 14 (9) 1 (4) 4 (9) 9 (10)
Renal cancer 9 (6) 3 (11) 5 (11) 1 (1)
ADPKDb 9 (6) 2 (7) 2 (5) 5 (6)
Graft loss 7 (4) 2 (7) 5 (6)
Interstitial nephritis 5 (3) 1 (2) 4 (5)
Post-renal complications 5 (3) 2 (7) 1 (2) 2 (2)
Myeloma cast nephropathy 5 (3) 2 (5) 3 (3)
Other causesc 8 (5) 3 (7) 4 (5)
Unknown 8 (5) 1 (4) 3 (7) 4 (5)

Treatment
Hemodialysis 73 (46) 16 (59) 21 (48) 36 (42)
Peritoneal dialysis 19 (12) 0 5 (11) 14 (16)
Predialytic, CKDd stage 5 65 (41) 11 (41) 18 (41) 36 (42)

Medications
Overall number of medications 11 [4–19] 12 [6–19] 11 [5–19] 10 [4–18]
Number of pills taken daily 16 [3–45] 18 [7–45] 15 [3–28] 14 [5–33]

Phosphate binders, g
0 50 (32) 8 (27) 12 (27) 30 (35)
0.35–2.1 27 (17) 4 (15) 8 (18) 15 (17)
2.2–2.4 27 (17) 2 (7) 11 (25) 14 (16)
2.5–4.9 30 (19) 6 (22) 8 (18) 16 (19)
5.0–10.7 23 (15) 7 (26) 5 (11) 11 (13)

Medication administration
No external support 65 (41) 14 (52) 18 (41) 33 (38)
Support from a home-attending nurse 4 (3) 1 (4) 1 (2) 2 (2)
Prepacked by pharmacy (multidose package) 22 (14) 2 (7) 7 (16) 13 (15)
Weekly pill box 65 (41) 10 (37) 18 (41) 37 (43)

Data are mean � SD, median [range] or number (%) values.
aMMSE-NR = Mini Mental State Examination-Norwegian Revision.
bADPKD = autosomal dominant polycystic kidney disease.
cOther causes: amyloidosis, diffuse cutaneous systemic sclerosis, neurogenic cause, nephrectomy, and thin-membrane nephropathy.
dCKD = chronic kidney disease.
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modality. Previous studies of the association between age
and the MRCI have shown inconsistent results.6,39,40

Medication adherence

The high rate of medication adherence among the elderly
patients with CKD included in this study was in agree-
ment with the findings of several previous studies of medi-
cation adherence in CKD, HD, and PD populations,
including one that also used the MMAS-8.16,18,41 In con-
trast, the adherence rate as assessed with the MMAS-8 was
previously found to be low for younger HD patients.17

The present study found no association between medi-
cation complexity and medication adherence, in line with
one previous study but in contrast to most other

studies.9–11,42 However, the results of these studies are
difficult to compare due to interstudy differences in
populations, definitions of medication complexity, and
definitions of medication adherence.

Increasing age has been associated with improved
medication adherence in several studies, but this was not
the case among the elderly population included in the
present study.12,14,16,18 This difference may be attributed
to the small variation in the ages of the subjects,
although a previous study did find a difference in adher-
ence between groups comprising subjects with mean ages
of 78 and 66 years.43

Figure 1 Medication Regimen Complexity Index for the
study population (n = 157).

Table 3 Results of the multivariable ordinal logistic
regression analysis with categories of medication adherence
as the dependent variable (n = 157)

Odds
ratio 95% CI P

Age, years 1.00 (0.96–1.05) 0.93
Education, ≥12 years 0.48 (0.23–1.04) 0.063
Treatment, dialysis
vs. predialytic

1.20 (0.58–2.45) 0.63

Charlson Comorbidity Index
4 or 5 vs. 2 or 3 0.49 (0.22–1.08) 0.077
>5 vs. 2 or 3 0.40 (0.14–1.13) 0.083

Phosphate binders, g
0.35–2.1 vs. 0 0.79 (0.27–2.34) 0.67
2.2–2.4 vs. 0 0.90 (0.33–2.44) 0.84
2.5–4.9 vs. 0 0.65 (0.23–1.89) 0.43
≥5 vs. 0 0.33 (0.10–1.11) 0.073

Medication Regimen
Complexity Index

1.03 (1.00–1.08) 0.27

Medication administration
support, yes vs. no

0.63 (0.31–1.28) 0.20

Table 2 Results of the multivariable linear regression
analysis with the Medication Regimen Complexity Index
(MRCI) as the dependent variable

Coef.a 95% CIb P

Age, years 0.01 (−0.14 to 0.15) 0.92
Female vs. male 2.44 (−0.07 to 4.81) 0.044
Treatment, dialysis
vs. predialytic

0.73 (1.47 to 2.92) 0.51

Charlson Comorbidity
Index
4 or 5 vs. 2 or 3 2.56 (0.27 to 4.85) 0.029
>5 vs. 2 or 3 1.75 (−1.43 to 4.93) 0.28

Phosphate binders, g
0.35–2.1 vs. 0 7.57 (4.48 to 10.66) <0.001
2.2–2.4 vs. 0 3.18 (0.15 to 6.21) 0.04
2.5–4.9 vs. 0 7.48 (4.47 to 10.48) <0.001
≥5.0 vs. 0 11.21 (7.91 to 14.52) 0.013

aCoef. = unstandardized beta coefficient.
bCI = confidence interval.

Figure 2 Morisky Medication Adherence Scale scores for
the study population (n = 157).
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The present study found no association between
increased use of phosphate binders and medication
adherence, in contrast to previous reports of a negative
association.3,44 However, we observed that there seemed
to be a gradient in the odds ratios, with the probability
of having high adherence lowering with an increasing
intake of phosphate binders. The relationship between
medication adherence and prescriptions may be bidirec-
tional. For example, low medication adherence may lead
to lack of effect, which may encourage physicians to pro-
vide more prescriptions. In contrast, the non-adherence
of patients may increase when the number of prescrip-
tions increases. Patients will obviously have some under-
standing of their diseases and treatments, not only based
on objective clinical measurements but also influenced
by their beliefs and attitudes.45,46

A higher education level or an increasing number of
comorbidities was not associated with medication adher-
ence in the present study. Some previous studies have
highlighted a low education level as a predictor of
non-adherence, in complete contrast with another study
finding a higher education level to be associated with
medication non-adherence.17,44,47 The lack of an associa-
tion in our study may be related to the smallness of the
sample, or it might be simply attributable to chance.

The complexity of medication regimens in patients
with CKD identified by using tools such as the MRCI
may increase the awareness of complex regimens and
lead to a comprehensive medication review. Such a
review could be useful for discussions involving multidis-
ciplinary teams or patients about the personalization of
medication and prescriptions.

Strengths and limitations

This was a multicentre study of elderly patients with
advanced CKD that was conducted using standardized
and validated tools. Each participant was asked about
their medication use, in addition to using objective data
from their medical and prescription records. The MRCI
has previously been validated in a population with
chronic obstructive pulmonary disease.6 The MMAS-8
has been validated in patients with hypertension, and has
been used worldwide in other clinical illnesses.48 This is
a self-reported questionnaire, and its use is consistent
with guidelines of the National Institute for Health and
Clinical Excellence that support using self-reported ques-
tionnaires to assess adherence in clinical practice.49

The present study was subject to some limitations that
should be considered when interpreting its findings.
Including only elderly subjects resulted in a relatively

small sample that consequently led to limitations in the
choice of variables and the power of the statistical ana-
lyses. Furthermore, the tools used to assess medication
complexity and medication adherence were not primarily
developed for a population with advanced CKD. There is
no established optimal cut-off for the MRCI for defining
high and low medication complexity in CKD popula-
tions, which would restrict the usefulness of the instru-
ment in clinical practice. We assessed medication
adherence using a self-reported questionnaire, which
might have overestimated the adherence rate. We did not
validate medication adherence with biochemical mea-
surements, since this would have been difficult due to
the large variations in the prescribed medications taken
by patients with CKD. Furthermore, pill counts or the
use of medication event monitoring systems were not
feasible in this population. The MMAS-8 score cut-off
between adherence and nonadherence was initially devel-
oped and validated among patients with hypertension,
and there are no available data on what represents an
appropriate cut-off in populations with CKD.26

This limited sample size of the study constrained the
number of independent variables that could be included.
Therefore, the study did not assess the association with
nonadherence of some other potentially important vari-
ables, such as anxiety, depression, socioeconomic status
or financial resources.50–53 Furthermore, we did not
investigate the impact of provider-level variables. For
example, the physician–patient relationship may consti-
tute a barrier to medication adherence due to lack of
time, trust or continuously changing attending physi-
cians.52,54 Finally, this study had a cross-sectional design
and did not investigate associations of medication com-
plexity or medication adherence with unplanned hospi-
talizations or adverse side effects, or address changes in
the MRCI over time.

In clinical practice, the issues may be more compli-
cated, as nonadherence remains largely undisclosed.55,56

It is possible that general measures such as encouraging a
good physician–patient relationship and focusing on
medication appropriateness and side effects, as well as
awareness of psychosocial challenges, may be important
to reveal and address nonadherence, although we have
no data to support this.56,57

In future studies of medication adherence in this
group, the inclusion of qualitative aspects, such as the
patients’ perceptions of personal needs for medication
and medication changes, experience of treatment or atti-
tude toward shared decision-making, may be useful to
help interpreting findings and understand patients’
choices. This was, however, beyond the scope of the pre-
sent study.
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Conclusion

This cross-sectional study found that female sex, comor-
bidity, and use of phosphate binders are associated with
the complexity of medication regimens in elderly patients
with advanced CKD. The medication adherence was gen-
erally high in the included population, and we found no
clear association between medication complexity and
self-reported medication adherence.
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